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@ A dry-type analytical element for the determination of cholesterol comprising at least one liquid-permeable 
layer and having a porous spreading layer, and containing an enzyme having the hydrolytic activity against 
cholesterol ester, a bile acid compound and cholesterol dehydrogenase in the liquid-permeable layer. 
This analytical element is stable and can be stored for a long time. 
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DRY-TYPE ANALYTICAL ELEMENT FOR CHOLESTEROL 



BACKGROUND OF THE INVENTION 
Retd of the Invention 

5 

This invention relates to a dry-type analytical element for the determination of cholesterol particularly 
total cholesterol including the cholesterol in a bound state in a biological body fluid such as blood or other 
liquid samples. 

70 

Description of Prior Art 

The quantitative analysis of cholesterol using cholesterol oxidase is known (Japanese Patent KOKOKU 
No, 54-8318). In this method, cholesterol is oxidized in the presence of cholesterol oxidase to produce 
75 hydrogen peroxide and cholestenone. and one of the products is determined by a known method. 

On the other hand, it is said that cholesterol exists in blood as protein-bound cholesterol ester and free 
cholesterol ester in addition to free cholesterol. Thus, in order to determine total cholesterol concentration, 
the cholesterol in the above vound states should be converted to free cholesterol. 

The combination of cholesterol esterase witii cholesterol oxidase for the purpose of total cholesterol 
20 determination is disclosed in USP 3,925.164. In ttiis method, tiie cholesterol in a bound state is liberated in 
the presence of cholesterol esterase, and oxidized in tiie presence of cholesterol oxidase. 

In order to determine HjOi, Trinder reagent is useful, but tiie present of bilirubin gives an error to the 
analytical result As tiie means to remove tiie interference of bilimbin, the addition of a feaocyanate is 
disclosed in USP 4.291,121. However, when a fen-ocyanate is added to a dry-type analytical element 
25 containing cholesterol esterase, cholesterol oxidase, peroxidase and Trinder reagent (or a similar reagent 
system to detect hydrogen peroxide), tiie stability of tiie analytical element during storage is remarkably 
lowered. 

It Is also known tiiat, in tiie case of using cholesterol esterase, anotiier means to decompose the bond 
between protein and cholesterol ester is necessary. As tiiis means, protease is employed togetiier wftii 
30 lipase in USP 3,869,349, and a surfactant such as pplyetiiylene glycol alkyl eiher is employed togetiier Ytm 
cholesterol esterase in USP 3.925.164. Furtfiermore. it Is disclosed in USP 4.275i151 and USP 4,274.152 
tiiat polyetiiylene glycol alkyphenyl etiiers (alkylphenoxypolyetiioxyetfianol) having less ttian 20 ettiylene 
glycol units are effective. 

However, when ttie polyetiiylene glycol alkyl phenyl ether having less tfian 20 etiiylene glycol units was 
35 Incorporated into a porous spreading layer of a dry-type analytical element, spreading area of a liquid 
sample In ttie spreading layer became too broad. As a result, some problems such as lowering of sensitivity 
in colorimetiy. lowering of quantitative spreading (proportionality between supplied amount of liquid snd 
spreading area) ^d insufficient wettabiUty of coating solution to tiie spreading layer happened. In addition, 
when tills surfactant was incorporated in tiie layer existing between tfie spreading layer and a support and 
40 being composed of a hydrophilic polymer binder, such as a water absorption layer, a reagent layer, a light- 
blocking layer or an adhesive layer, wetting between tiiis layer and anotiier layer was liable to be 
insufficient This brought unevenness in coating. 

45 SUMMARY OF THE INVENTION 

An object of the invention is to provide a dry-type analytical element for tiie determination of 
cholesterol, having a good sensitivity comparable to tiie conventional dry-type analytical element containing 
cholesterol esterase, cholesterol oxidase, peroxidase and Trinder reagent, and having a long shelf life. 
50 Anotiier object of the invention is to provide a dry-type analytical element for tiie determination of 
cholesterol having a suitable spreading area in a definite time and having a high sensitivity to total 
cholesterol in colorimetry. 

Still anotiier object of tiie invention is to provide a dry-type analytical element for the determination of 
cholesterol having a good quantitative spreading and capable of uniform coating of a coating solution in its 
preparation. 
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As tfie dry-type analytical element for the determination of cholesterol achieving such objects, the 
present invention provides a dry-type analytical element for the determination of cholesterol comprising at 
least one liquid-permeable layer and having a porous spreading layer, and containing an enzyme having the 
hydrolytic activity against cholesterol ester, a bile acid compound and cholesterol dehydrogenase in the 
5 liquld-pemieable layer. 

The present invention also provides a dry-type analytical element for determination of cholesterol 
comprising at least one liquid-permeable layer and having a porous spreading layer, and containing an 
enzyme having the hydrolytic activity against cholesterol ester in the spreading layer and an alkytphenox- 
ypolyglycidol in the liquid-permeable layer. 



DETAILED DESCRIPTION OF THE INVENTION 

The enzyme having the hydrolytic activity against cholesterol ester (cholesterol ester hydrolase) 
76 includes cholesterol esterase and lipase. Cholesterol esterase may be obtained from an animal organ or 
from a microorganism such as Candida rugosa . Actinomycetes . Streptomyces , Penicillium , etc. These 
microorganisms are disclosed in USP 3,925,164. Lipase may be of plant origin such as wheat germ animal 
origin such as pancreas or microbial origin such as Candida rugosa However, the lipase obtained from 
Chromobacterium viscosum is preferable. Lipase may be combined with cholesterol esterase to use, 
20 In order to raise the reaction rate described dehydrogenase, an oxidized form coenzyme, a dye 
precursor and an electron transporting carrier substance. In this coloring utilizing this reaction, a dye is 
produced from a dye includes taurocholic acid, glycocholic acid, taurodeoxycholic acid and glycodeox- 
ycholic acid. The bile add and its derivative may be a salt such as sodium salt, potassium salt or lithium 
salt Among the above compounds, deoxycholic acid and Its salt is the most preferable. Hereafter, the bile 
25 acid, its derivative and these salts are referred to as bile acid compounds. Effect of the bile acid compound 
remariobly appears in the case of the coloring system of cholesterol dehydrogenase described below. 
Cholesterol may be detected by the following coloring systems. 

In the first coloring system, cholesterol dehydrogenase is employed. The reagent composition for this 
coloring system is composed of cholesterol dehydrogenase, an oxidized form coenzyme, a color precursor 
30 and an electron transporting material. In this coloring system, cholesterol is dehydrogenated in the presence 
of cholesterol dehydrogenase and an oxidized form coenzyme to produce cholestenone, and at that time, 
the oxidized fornn coenzyme is converted to Its reduced form. By utilizing this reaction, a color is produced 
from a color precursor. 

Preferable cholesterol dehydrogenases are NAD-or NADP-dependent type disclosed in Japanese Patent 
35 KOKAI Nos. 53-56090, 58-89200 and 61-108400. 

As the oxidized fomi coenzyme, oxidized form nicotinamide adenine dinucleotide (NAD) and oxidized 
form nicotinamide adenine dinucleotide phosphate (NADP) are usable. 

The color precursor includes various tetrazolium salts such as 3.3 -(3.3'-dlmethoxy-4.4'-biphenylene)bis- 
[2-(p-nitrophenyl)-5-phenyltetrazolium chloride] (NBT), 3.3'-(3,3'-dimethoxy-4,4'-biphenylene)bis[2.5- 
40 diphenyltetrazolium chloride] (BT), 3-(4',5'-dimethyl-2-trlazolyl)-2.4-dlphenyltetrazolium bromide (MTT). 2-(p- 
iodophenyl)-3-(p-nitrophenyl)-5iDhenyltetrazolium chloride (INT), 2.2',5,5'-tetra(p-nltrophenyl)-3,3'-(3,3'- 
dimethoxy-4,4'-biphenylene)ditetrazolium chloride (TNBT), 2,3,5-triphenyltetrazolium chloride (TT) and 3,3'- 
(4.4'-biphenylene)-bls[2.5-diphenyltetrazolium chloride] (NT), Among these. NBT (common name; 
Nitrotetrazolium Blue) is preferable. 
45 The electron carrier is diaphorase (E.C. 1. 6, 4. 3), N-methylphenazlne methosulfate compound such as 
N-methylphenazine methoxysulfate or 1-methoxy-N-methylphenazine methosulfate, Meldra Blue. Methylene 
Blue or the like. Among them, diaphorase and N-methylphenazine methosulfate are preferable. 

In the case of using this coloring system, it is preferable that the dye precursor is separated from the 
canier. and they are incorporated in different layers from each other. Other components may be 
50 incorporated in either of the above layers or other suitable layers. By the above separation, gradual 
degradation of the reagent composition and fogging during storage decrease. As a result, sensitivity and 
accuracy are raised. 

The following two coloring systems for cholesterol assay using cholesterol oxidase may also be applied 
to the analytical element of the invention. 

55 
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The reagent composition for one of tiie coloring systems is composed of cholesterol oxidase, 
peroxidase, a chromogen and a coupler. In this coloring system, cholesterol is oxidized in the presence of 
cholesterol oxidase to produce cholest -4-en-3-one and hydrogen peroxide. A chromogen is oxidized by the 
hydrogen peroxide to couple with coupler by the hydrogen peroxide in the presence of peroxidase to 
5 produce a quinoneimine dye. 

The reagent composition for the other coloring system is composed of cholesterol oxidase, peroxidase 
and a leuco dye or a self-oxidative dye-fonming chromogen. In this coloring system, a leuco dye or a self- 
oxidative dye-forming chromogen is oxidized by hydrogen peroxide in tiie presence of peroxidase to 
produce a color compound. 

TO The chromogen includes 4-aminoantipyrine (4-aminophena2one, i.e. 1-phenyl-2,3-dimethyl-4-amino-3- 
pyrazoIine-S-one. described in Ann. Clin. Biochem., 6, 24-27 (1969)). tri-substituted-4-amino-3-pyrazoljne-5- 
one such as i-(2,4,6-trichlorophenyl)-2,3-dimethyl-4-amino-3-pyra20iine-5-one and 1-(3,5-dichlorophenyl)- 
2,3-dimethyl-4-amino-3i3yrazoIine-5-one disclosed in EP 01 03901 A and 4-aminoantipyrine analogs such as 
1-phenyl-2,3-dlmethyl-4-dimethyIamino-3-pyrazoline-5-one disclosed in USP 3.886,045. Among these, 4- 

T5 aminoantipyrine, 1-(2.4.6-trichlorophenyl)-2,3-dimethyl-4-amino-3-pyra2oline-5-one and 1 -{3,5-dich- 
lorophenyl)-2,3<fimethyM-amino-3-pyra20line-5-one are preferable. 

The coupler includes phenol, phenolsulfonic acid Onduding alkali metal salts and alkaline earth salts) 
such as 2-hydroxy-1-benzenesuffonlc acid, 4-hydroxy-1-benzenesulfbnic acid, 3.5-dichloro-2-hydroxy-1- 
benzenesulfonic acid and 2-hydroxy-3-metfioxy-1-b0nzenesulfonic acid. 1-naphtiiol, 2-naphtho(, dihydrox- 

20. ynaphthaienes such as 1 .7-dihydroxynapthaiene. naphtholsulfonic acids (including alkali metal salts and 
alkaline earth salts) such as l-hydroxy-2-naphthaienesulfonic acid and 1-hydroxy-4-naphtiialenesulfbnic 
acid, otiier phenol derivatives and ottier naphthol derivates disclosed in Ann. Clin. Biochem.. 6. 24-27 
(1969), USP-3.886.045. USP-4.01 2.325, Japanese Patent KOKOKU No. 58-45599 and Japanese Patent 
KOKAI Nos. 55-164356. 56-124398 and 56-155852, Among these compounds. 17-dihydroxynaphthalene. 1- 

25 hydroxy-2-naphthalene sulfonic acid (including Na salt, K salt and U salt) and 3.5-dichIoro-2-hydroxy-1- 
benzenesulfonic add (including Na salt, K salt and U salt} are preferable. 

The leuco pigment includes triarylimidazole leuco pigments disclosed in Japanese Patent KOKOKU 57- 
5519 such as 2-(4-hydroxy-3.5-dimethoxyphenyiK5-bis[4-(dimethylamino)phenyl]imidazole, diary limldazole 
leuco pigments disclosed in Japanese Patent KOKAI No. 59-193352 such as 2-(3.5-dlmethoxy-4-hydrox- 

30 yphenylH-[4-(dimethylamino)phenyl]-5-phenethyrimidazole, diarylindolylimidazole leuco pigments disclosed 
In Japanese Patent KOKAI No. 61-4960 sudt as 2-(2-phenyl-3-indolylK5-di[4-{dlmetinylamino)phenylh 
imidazole, triarylmonoacylimidazole leuco pigments disclosed in Japanese Patent KOKAI No. 61-229868 
such as 2-{4-hydroxy-3,5-dimethoxyphenyl)-3-acetyl-4.5-bis[4-dimetiiylamino)phenyl]imidazofe and triaryl- 
monoalkylimidazole leuco pigments such as 2-(4-hydroxy-3,5-dimetiToxyphenyl)-3-mettiyl-4.5-bis[4- 

35 (diethyiamino)phenyl]imidazole. 

Among the above three coloring systems, the first coloring system containing cholesterol de- 
hydrogenase is the most preferable. 

Other reagents may be added according to kind of the sample etc. Such reagents include a nonionic 
surfactant a sensitivity moderator and a buffer, 

40 The nonionic surfactant includes a polyhydric alcohol ester ethylene oxide adduct (condensate), a 
pofyetiiylene glycol monoester, a polyethylene glycol diester. a higher alcohol ethylene oxide adduct 
(condensate) and an alkylphenol ethylene oxide adduct (condensate). 

Examples of the nonionic surfactant are disdosed in USP 3.925,164, USP 3,983.005, USP 4.275,152 
and USP 4,275.1 51 , and indude. 

45 POE (tO) sorbitan monooleate 
PEG (400) monostearate 
Lauryl alcohol EO 10 moles condensate 
POE (10) octylphenyl etiier 
POE (1 5) octylphenyl etiner 

50 POE (12) nonylphenyl etiier 
Hydroxypolyetiioxydodecane 
(Note) POB Polyetfiyiene oxide 
PEG: Polyethylene glycol 
EO: Ettiylene oxide 

55 The number is parentiieses represents condensation number of ethylene oxide units 
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As the nonionic surfactant, an alkylphenoxypolyglycidol is preferable. Preferable carbon number of the 
alkyi group is 4 to 20. The above benzene ring may be substituted by two or more alkyi groups, that is. a 
dialkylphenoxypolyglycidol Is also Included. The benzene ring may contain other groups such as an alkoxyl 
group or a halogen atom. The number of glycidol units is usually 7 to 20. 
5 The content per square meters of each component in the analytical element of the invention is as 
follows: 

The content of cholesterol esterase is about 500 to about 50.000 lU preferably about 1,000 to 30,000 lU. 
When lipase is used, the content of lipase is about 5,000 U to about 300.000 U preferably 10.000 to 
about 200.000 U. 

70 The content of the bile acid compound is about 200 mg to about 10 g preferably about 500 mg to about 
5g. 

When the first coloring system is employed, the content of cholesterol dehydrogenase is about 200 to 
about 30,000 U preferably about 300 to 20,000 U. The content of the oxidized form coenzyme Is about 10 
mg to about 50 g preferably about 30 mg to about 20 g. The content of the color precursor, is about 5 mg to 
IS about 10 g preferably about 25 mg to about 5 g, and the content of the electron transporting material is 
about 1 mg to about 1,000 mg preferably about 5 mg to about 500 mg. When diaphorase is employed as 
the electron transporting material, the content of diaphorase is about 500 to about 20,000 U preferably 
about 700 to about 10.000 U. 

When the other coloring system is employed, the content of cholesterol oxidase is about 1,000 to about 
20 30.000 lU preferably about 1.500 to about 20.000 lU. The content of peroxidase is about 1,000 to about 
100.000 lU preferably about 2,000 to about 60,000 lU. and contents of the chromogen and the leuco 
pigment are about 0.5 to about 10 mmol. preferably about 1 to about 5 mmol. The content of the coupler is 
about 2.5 to about 50 mmol. prefereably about 5 to about 25 mmol. The content of the alkylphenox- 
ypolyglycidol is about 200 mg to about 10 g preferably about 500 mg to about 5 g. 
25 The dry-type analytical element of the invention comprises at least one liquid-permeable layer, and has 
a porous spreading layer. The llquid-penneable layer may be porous spreading layer, reagent layer 
containing dye-forming layer, light-blocking layer, water absorption layer, or the like, however, the porous 
spreading layer is essential for the analytical element of the invention. 

The analytical element may be multilayer, and it may contain various known layers, such as undercoat 
30 layer, water absorption layer, adhesive layer, reagent layer, light-blocking layer and filtering layer, in 
addition to the spreading layer and the light-transmissive water-impemneable support. Examples of such a 
multilayer analytical element are disclosed in USP 3,992.158 and Japanese Patent KOKAl No. 55-164356. 

The multilayer analytical element containing a support of the invention includes the following embodi- 
ments. 

35 (1) A spreading layer and a support. A water absorption layer may be provided therebetween. 

(2) A spreading layer, a reagent layer and a support superposed in this order. A water absorption 
layer may be provided between the reagent layer and the support. The cholesterol ester hydrolase may be 
incorporated in either of the spreading layer or the reagent layer, however the spreading layer is preferable. 

(3) A spreading layer, a first reagent layer, a second reagent layer and a support. A water absorption 
40 layer may be provided between the second reagent layer and the support. The cholesterol ester hydrolase 

may be Incorporated in any layer of the spreading layer, the first reagent layer or the second reagent layer, 
however the first reagent layer or the spreading layer is preferable. 

(4) A spreading layer, a light-blocking layer, a reagent layer and a support superposed in this order. 
A water absorption layer may be provided between the reagent layer and the support. The cholesterol ester 

45 hydrolase may be incorporated in either of the spreading layer or the reagent layer, however the spreading 
layer is preferable. 

(5) A spreading layer, a first reagent layer, a light-blocking layer, a second reagent layer and a 
support superposed in this order. A water absorption layer may be provided between the second reagent 
layer and the support The cholesterol ester hydrolase may be incorporated in any layer of the spreading 

50 layer, the first reagent layer or the second reagent layer, however the spreading layer or the first reagent 
layer is preferable. 

In the above embodiments, an adhesive layer may be provided on the surface of the layer located 
under the spreading layer for laminating it The adhesive layer may be provided between other layer. A 
filtering layer may be provided between the spreading layer or the reagent layer and the water absorption 
55 layer, between the spreading layer and the reagent layer, between the first reagent layer and the second 
reagent layer, or between the light-blocking layer and the reagent layer or the spreading layer. 
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As the light-transmissive water-impermeable support a known support employed in an usual multilayer 
analytical element may be emptoyed. Such a support is a sheet or a laminate having a thickness in the 
range from about 50 um to about 1 mm, preferably from aljout 80 um to about 0.3 mm. and being clear In 
the range from near-ultraviolet to near infrared regions. Such a sheet or a laminate may be made of a 

5 polyester (for example, polyethylene terephthalate or polycarbonate of bisphenol A), a cellulose ester (for 
example, cellulose triacetate or cellulose acetate propionate) or polystyrene. A known undercoat layer may 
be provided on the surface of the support In order to secure the adhesion of the layer provided on the 
support such as a reagent layer or a water absorption layer to the support. Instead of the undercoat layer, 
surface of the support may be treated by physical activation such as flow discharge or corona discharge or 

JO by chemical activation in order to raise adhesive force. 

The spreading layer preferably has liquid metering action. This liquid metering action means that the 
Rquid sample spotted on the surface of this layer unifonmly spreads in the transverse direction at the rate of 
almost equal amount per unit area without uneven distribution of any component The material constituting 
matrix of tine spreading layer may be filter papers, nonwoven fabrics, woven fabrics such as plain weaves 

75 including broad clotii and poplin, knitted fabrics such as tricot double tiicot and milanese, glass fiber filter 
papers, membrane filters fonned out of blushed polymer, three-dimensional lattice structure material or tiie 
like. Among them, fibrous materials such as woven fabrics and knitted fabrics are preferable. The spreading 
layers using tiie above materials are disclosed In the specifications of Japanese Patent KOKAI Nos. 55- 
164358. 67-66369 and 60-222769. It is preferable that greases adhered on woven fabrics and knitted fabrics 

20 during their manufactures are substantially removed by degreasing such as washing. 

The reagent fayer contains a part of or whole reagents, and it is non-porous and water-absorptive or 
microporous'and water-pemneable. 

A hydrophilic polymer binder which is employed for tiie substantially non-porous and water-absorptive 
reagent layer functions as a medium for dissolving or dispersing tiie reagents uniformly. It also functions to 

25 absort) the water in a sample and to canry tiie analyte together with the water. The hydrophilic polymer 
binder absorbs water to swell, and swelling ratio at water absorption of the polymer binder suitable for tiie 
reagent layer Is generally about 1.5 to 20 times, preferably about 2.5 to 15 times at 30°C. Examples of tiie 
hydrophilic polymer tinder usable for tiie reagent layer are gelatin including alkali-freated gelatin, add- 
treated gelatin and deionized gelatin, gelatin derivatives such as phtiialated gelatin, agarose, pullulan. 

30 pullulan derivatives, polyacrylamide, polyvinyl alcohol and polyvinyl pyrrolidone. Thickness of tiie reagent 
layer in dry state is usually about 1 um to about 100am, preferably about 3um to about 30um, 

The microporous and water-permeable reagent layer comprises a microporous sti-ucture layer con- 
structed by solid particulates and a hydrophilic polymer binder as tfie binder tiiereof and reagent(s) or a 
reagent composrtion contained tiierein. The microporous structure layer referred herein has continuous 

35 microspaces structure composed of microporous or non-porous particulates and a hydrophilic polymer 
binder joining tiiem. 

Examples of the microporous or non-porous particulates include cellulose particulates such as micro- 
crystalRne cellulose and cellulose fine powder, particulates of silicon dioxide compound such as silica and 
diatomaceous earth, silicate particulates such as zeolite, polymer particulates, glass particulates, and 

40 various ceramic particulates. The hydrophilic polymer binder may be selected from tiie illusti-ated above or 
aqueous latex of copolymer containing more tiian 2% of hydrophilic repeating unit disclosed in EP 
0.115,873 A. Thickness of the microporous reagent layer is dry state is about 7 um to about 50 um, 
preferably about 10 um to about 30 um. 

The reagent layer may be incorporated witfi a pH buffer composition, a macromolecular pH buffer, a 

45 base polymer, an acid polymer, a macromolecular mordant etc.. to be known. The pH buffer composition 
may be a cartronate buffer, a borate buffer, a phosphate buffer, Good's buffer or the Rke. 

The light-blocking layer is water-tiansmissive or water-permeable, and light-shielding particulates or the 
particulates having both functions of Rght-shieldlng and light-reflecting are disposed in and held by a small 
amount of a hydrophilic polymer binder capable of fonning a film. The light-blocking layer shields color of 

50 an aqueous liquid sample, particulariy red color of hemoglobin in a whole blood sample, spotted on the 
spreading layer during measuring the color development from the side of tiie light-transmissive support. 
This layer may also function as a light-reflecting layer or a background layer. 

Examples of the particulates having botii functions of light-shielding and light-reflecting are titanium 
dioxide particulates such as rutile. anatase and brookite microcrystalline particulates having a particle size 

55 of about 0.1 um to about 1.2 um. barium sulfate particulates and aluminum particulates and microflakes. 
Examples of the Bght-shlelding particulates are cartoon black, gas black and carbon microbeads. Among 
tiiem, titanium dioxide particulates and barium sulfate particulates are preferable. The hydrophilic polymer 



6 



0 244 625 



binder having film-forming property may be selected from those illustrated in the foregoing reagent layer, 
weakly hydrophilic regenerated cellulose and cellulose acetate. Among them, gelatin, a gelatin derivative 
and polyacrylamide are preferable. To gelatin and a gelatin derivative, a known curing agent (a cross-linking 
agent) may be blended. 

5 The light-blocking layer is provided by applying an aqueous suspension of light-shielding particulates 
containing a hydrophilic polymer binder by means of a known method, and then dried. Volume ratio of light- 
shielding particulates to hydrophilic polymer binder in dry state are light-shielding particulates 10 : 
hydrophilic polymer binder about 2.5-about 7.5. preferably about 3.0-about 6.5. In the case that the light- 
shielding particulates are titanium dioxide particulates, the ratio by weight of polymer binder is about 0.6- 

10 about 1.8, preferably about 0.8-about 1 .5, per 10 of titanium dioxide. Thickness of the light-blocking layer in 
dry state is about 3 am to about 30 um, preferably about 5 um to about 20 um. 

The water absorptton layer is composed of a hydrophilic polymer binder, and it may contain a cationic. 
ampholytic or nonionic surfactant and a pH buffer composition. The hydrophilic polymer binders of both 
layers may be selected from the illustrated previously. Thickness of these layers is dry state are usually 

75 about 1 um to about 100 um, preferably about 3 um to about 30 tim. 

The adhesive layer usually comprises the hydrophilic polymer binder to adhere the spreading layer at 
the wetting state or the swelling state of the polymer. The hydrophilic polymer binder usable for the 
adhesive layer may be selected from the illustrated in the foregoing water absorption layer, and gelatin, a 
gelatin derivative and polyacrylamide are preferable. Thicknes of the adhesive layer in dry state is about 0.6 

20 um to about 20 um. preferably about 1 um to about 10 um. A surfactant may be added to the adhesive 
layer. A nonionic surfactant, particularly having a chain structure of 8-15 hydroxyethylene or hydrox- 
ypropylene units is preferable. 

The adhesive layer may be provided by applying a solution containing the hydrophilic polymer binder 
and a surfactant added by request by means of a known method. 

25 In the multilayer analytical element of the invention, the enzyme having the hydrolytic activity against 
cholesterol ester, the bile add compound, cholesterol dehydrogenase, cholesterol oxidase and alkylphenox- 
ypolyglycidol are preferably incorporated in a upper layer, and spreading layer is the most preferable. 
However, cholesterol dehydrogenase and cholesterol oxidase may be incorporated the layer just under the 
spreading layer such as adhesive layer, light-blocking layer or first reagent layer. While, the bile acid 

30 compound is preferably Incorporated in spreading layer together with the enzyme having the hydrolytic 
activity against cholesterol ester and nonionic surfactant such alkylphenoxypolyethoxyethanol. Oxidized 
fomn coenzyme, color precursor, electron transporting material, chromogen, leuco pigment and coupler are 
preferably incorporated in an under layer such as reagent layer. pH buffer may be incorporated in any 
layer. 

35 The integral multilayer analytical element manufactured by the invention is preferably cut into square or 
ciruclar pieces having a side or diameter of about 15 mm to about 30 mm. and put in a slide frame 
disclosed In Japanese Patent KOKAI ^k). 57-63452, USP 4,169.751. USP 4,387,990, PCT application WO 
83/00391, etc. to use. 

The measurement Is canied out as follows. About 5 ul to about 30 ui, preferably about 8 ut to about 
40 15 ul of an aqueous sample is spotted on the spreading layer, and incubated at a definite temperature in 
the range of about 20^0 to. about 45 ''C for a prescribed time, if necessary. Thereafter, detectable variation 
such as color change or coloring In the multilayer analytical element is measured from the side of the 
support through reflection photometry, and the subject component in the sample Is determined by the 
principle of colorimetry. 

45 

EXAMPLES 
Example 1 

50 

A colorless transparent polyethylene terephthalate (PET) film having a thickness of 180 um on which 
gelatin undercoating was provided was employed as the support. On the support, the following solution was 
applied, and dried to form a dye-forming layer having a dry thickness of 15 um. 
Alkali-treated gelatin 12 g 
55 Nonylphenylglycidyl ether 0.1 g 
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NAD 0.8 g 
Diaphorase 2800 lU 
NBT 02 g 
Water 95 ml 

5 • 3,3 -(3.3'Klimethoxy-4.4'-biphenyiene)bis-[2'<p^itrophenyl)-5-phenyh^^ tBtrazolium chloride] 

On the dye-forming Iayer» the following suspension was applied, and dried to form a light-blocking layer 

having a thickness of 7 lun. 

Alkali-treated gelatin 14 g 

Rutile type titanium dioxide particulates 70 g 
70 Water 100 ml 

On the light-blocking layer, an aqueous gelatin solution was applied, and dried to form an adhesive 
layer having a thickness of 2 um. 

The adhesive layer was dampened with 30 g/m* of water. A PET tricot fabric cloth having 0^5 mm in 
thickness was made hydrophllic by glow discharge, and pressed to laminate thereon as a spreading layer. 
75 and then dried. 

On the spreading layer, the following suspension was applied at the rate of 200 ml/m', and dried to fbnn 
an integral multilayer analytical element for the determination of cholesterol. 
Ethanol 500 ml 

Polyvinylpyrrolidone K90 18 g 
20 Polyoxyethylene nonylphenyl ether (n =40) 6 g 

2-Amino-2-ethyl-1,3-propanediol 11 g 

Polyoxyethylene octylphenyl ether (n=10) 3 g 

Sodium deoxycholate 7 g 

The following enzyme solution was added to the above ethanol solution to ot>taln a suspension. 
25 Lipase' 15000 U 

Cholesterol dehydrogenase 5000 U 

Water 5 ml 

' Produced by Chromobacterium viscosum 

The analytical element thus obtained was cut into square pieces of 15 x 15 mm. and each piece was 
30 placed in a plastic mount 

Each 10 m of human sera having various cholesterol concentrations was spotted on tiie above 
analytical element and incubated at 37°C for 6 minutes. Then, reflection optical density was measured by 
using light of 600 nm from tiie PET support side. The results are shown in Table 1. 



Table 1 

Cholesterol Concentration Reflection Optical Density 

62 mg/dl 0.254 

95 0.521 

158 0.412 

294 - 0.653 

348 0.721 



Example 2 

The following solution was applied on a PET film having a thickness of 180 um on which gelatin 
undercoating was provided, and dried to form a dye-forming layer having a dry tiiickness of 15 um. 
Alkali-treated gelatin 12 g 
Nonylphenylglycidyl ether 0.1 g 
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Oiaphorase 3000 U 
NAD 0.35 g 

Bis(vinylsuifonylmethyl) ether 0.12 g 
WaterlOSg 

5 On the dye-forming layer, the following suspension was applied, and dried to form a light-blocking layer 
having a dry thickness of 7 um. 
Alkali-treated gelatin 7 g 
Rutlle type titanium dioxide particulates 35 g 
Water 50 ml 

70 On the light-blocking layer, the following solution was applied, and dried to form an adhesive layer 
containing cholesterol dehydrogenase having a thickness of 4 um. 
Cholesterol dehydrogenase 39000 U 
NAD 0.9 g 

Alkali-treated gelatin 20 g 
16 Nonylphenylglycidyl ether 0.2 g 
Water 220 g 

The adhesive layer was dampened with 30 g/m' of water. A PET tricot fabric cloth having 0.25 mm in 
thickness was made hydrophilic by glow discharge, and pressed to laminate thereon as a spreading layer, 
and then dried. 

20 On the spreading layer, the following suspension was applied at the rate of 200 ml/m', and dried to form 

an integral multilayer analytical element for the determination of cholesterol. 

Ethanol 500 ml 

Polyvinylpyrrolidone K90 18g 

Polyoxy ethylene nonylphenyl ether (n=40) 6 g 
25 2-Aminb-2-methyl-1,3-propanediol 11 g 

Polyoxyethylene bctyiphenyl ether (n = 10) 3 g 

Sodium deoxycholate 7g 

The following enzyme solution was added to the above ethanol solution to obtain a suspension. 

Upase* 15000 U 
30 Water 3 g 

• Produced by Chromobacterium viscosum 

The analytical element thus obtained was cut into square pieces of 15 x 15 mm. and each piece was 
placed in a plastic mount. 

Each 10 lit of the human sera measured in Example 1 was spotted on the above analytical element, 
35 and the reflection optical density of each analytical element was measured in tiie same manner as Example 
1. The results are shown In Table 2, 



Table 2 

Cholesterol Concentration Reflection Optical Density 

0.330 
0.402 
0.565 
0.928 
1.08 
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55 



62 mg/dl 

95 
158 
294 
348 
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Example 3 

12,000 U of cholesterol esterase was used instead of 15,000 U of lipase, and an analytical element for 
the detennrnation of cholesterol was prepared in the same manner as Example 2. In the case of this 
5 analytical element similar results to Example 2 were obtained. 



Example 4 

to In Example 1. 0.3 g of nonylphenoxypolygfycidol {n=10) was used instead of 0.1 g of nonyiphenyl- 
glycidyl ether in the solution for dye-forming layer, and 3 g of nonylphenoxypolyglycidol {n = 10) was used 
instead of 3 g of polyoxyethylene octylphenyl ether (n = 10) in the solution for applying on the spreading 
layer. Thus, an integral multilayer analytical element for the detenmination of cholesterol was prepared in the 
same manner as Example 1. 

15 This analytical element was cut into square pieces of 15 x 15 mm. and each piece was placed In a 
plastic mount 

Each 10 III of the human sera measured in Example 1 was spotted on the above analytical element 
and the reflection optical density of each analytical element was measured in the same manner as Example 
1. The results are shown in Table 3. 



20 



25 



30 



35 



Table 3 

Cholesterol Concentration Reflection Optical Density 

62 rag/dl o,26 

55 0,32 

158 0.41 

294 0.65 

J48 0.72 



Example 5 

In Example 2. 0.1 g of nonylphenylpolyglycidol and 0,35 g of NBT were employed instead of 0.1 g of 
nonylphenylglycidyl ether and 0.35 g of NAD in the solution for dye-forming layer, and 0.2 g of 
nonylphenylpolyglycidol (n = 10) was employed instead of 0.2 g of nonylphenylglycidyl ether in the solution 
for adhesive layer, inirthermore. 3 g of nonylphenylpolyglycidol {n=10) was employed instead of 3 g of 
polyoxyethylene octylphenyl ettier (n = 10) in the solution for applying on the spreading layer. Thus, an 
integral multilayer analytical element for ttie determination of cholesterol was prepared in the same manner 
as Example 2. 

This analytical element was cut into square pieces of 15 x 15 mm. and each piece was placed in a 
plastic mount Each 10 ui of tiie human sera measured in Example 1 was spotted on tiie above analytical 
element and tfie reflection optical density of each analytical element was measured in tiie same manner as 
Example 1 . The results are shown in Table 4. 
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Table 6 

® Cholesterol Concentration Reflection Optical Density 

62 mg/dl 0,330 

95 0,402 

70 

158 0,565 

294 0.928 

" 348 1.08 

Example 6 

^0 12,000 U of cholesterol esterase was used instead of 15,000 U of lipase, and an analytical element for 
determination of cholesterol was prepared in the same manner as Example 5. In the case of this analytical 
element, similar results to Example 5 were obtained. 



25 Claims 

1. A dry-type analytical element for the determination of cholesterol comprising at least one liquid- 
permeable layer and having a porous spreading layer, and containing an enzyme having the hydrolytic 
activity against cholesterol ester, a bile acid compound and cholesterol dehydrogenase in said liquid- 

^ permeable layer. 

2. The dry-type analytical element of claim 1 wherein said enzyme having the hydrolytic activity against 
cholesterol ester is cholesterol esterase which is incorporated in said porous spreading layer. 

3. The dry-type analytical element of claim 1 wherein said enzyme having tiie hydrolytic activity against 
cholesterol ester Is lipase which is incorporated in said porous spreading layer. 

^ 4. The dry-type analytical element of claim 3 wherein said lipase is produced by Chromobacterium 
viscosum . 

5. The dry-type analytical element of claim 1 wherein said bile acid compound Is incorporated in said 
porous spreading layer. 

6. The dry-type analytical element of claim 5 wherein said bile acid compound is deoxycholic acid or its 

^ salt. 

7. The dry-type analytical element of claim 1 wherein said cholesterol dehydrogenase is incorporated in 
said porous spreading layer. 

8. The dry-type analytical element of claim 3 wherein said bile acid component is also incorporated in 
said porous spreading layer. 

^ 9, The dry-type analytical element of claim 8 wherein said cholesterol dehydrogenase is further 
incorporated in said porous spreading layer. 

10. The dry-type analytical element of claim 8 or claim 9 wherein said lipase is produced by 
Chromobacterium viscosum . 

11. A dry-type analytical element for the determination of cholesterol comprising at least one liquid- 
50 permeable layer and having a porous spreading layer, and containing an enzyme having the hydrolytic 

activity against cholesterol ester and an alkylphenoxypolygiyddol in said liquid permeable layer. 

12. The dry-type analytical element of claim 11 which further contains a bile acid compound and 
cholesterol dehydrogenase in said liquid-permeable layer. 

55 
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